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(54) METHOD FOR REFINING SILICON 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
refining silicon to be able to efficiently remove B 
contained in metallic silicon and to produce 
inexpensively silicon being a grade to be used for a 
solar battery. 

SOLUTION: The method for refining silicon is composed 
of a flux addition step to add flux 16 containing a 
basic component to silicon 12 whose boron concentration 
is 100 mass ppm or less and to fuse them, a reaction 
step to dip a nozzle 18 in silicon 12 and to blow an 
oxidizing gas in it and a flux removing step to remove 
the flux 16 from silicon 12. The flux addition step, the 
reaction step and the flux removing step may be repeated 
by a plurality of times. It is preferable that basic 
flux containing CaO, CaC0 3 or Na 2 O t particularly 
CaO-CaF 2 mixed flux having a specific composition is 
used for the flux 16. 
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^38****1 0 0 m a s s p pmJ3LT"C**vy > 1 
Sr»iBS**79y^x«SJinxe4:. y'Jn>i2i:y 
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[#i*iif*OtSB] 

[»*« 1 1 + 9*»K4< lOOmasspp mlTF 

HJIBv'J n >«tn;yX**aat L, KfL14*-^^P^#ii 
tr&JEXflt, 

BfcftXfl t £ fig x. tz > 'J ^ >Offi$S:£ft 0 

atrse ^ > + {; y x;u *ast l , sntte*- x *vk£& 

frRltXat, 

irlBv V n >frbfftt?.7 77^ £|5£ft1-& 777^x 
B?*XSt£fB;l, 

iris? 7-^ *i8tta:e, «rf5SK-ifist>*frie7 7 ? 

^OifitS^fto 

[»*JB3J iMEv'J 3X4, *-7*«SE7j*l 0 Om 
a s s p pmJiJ.TT-*^>IS^I12 ICfB^cD x'J 3>Offi 
SWfto 

[M$&4] WrEaa&ttrtfl-rt, CaO, CaCOs 
XI±Na 2 001*10 lltX'i 2 «W-LOffc-S-$ft?&-&Ht 
#lBl, 2 3Z.(i3lzffif6<o->'J 3>o«m^rft. 

[W**R5] il£77';?^li, CaOtCaF 2 0 
rS-&7 9 y ^^T**^H*Jll , 2 3K4 3 tCi£*KO -> 'J 

3>Offl$g:£fto 

[S?*!R6] %t%tfg&7? y ?*>t>OC aOftt 
14, 

x(T)±3 Oma s s% 

(1IU Ttt->';3VO»|tfflK, x(T)(4 rw. Ei 
tel. Zement.$27^ ( 1 9 3 8), P4 
6 9-4 7 2J Ct«g?flTv>|,C a O-C a F2 ^ 

tt^lli;^v^T?S4a^iaJS* ? T<!:^^^FOC a OOma 
s s%) T-**»*«5tCfett<Ov'; nvOfflSt^So 
[Sf*3g7] WEKloXetciJttilWISBIfttt^^O 

lft£&<*.ft(4, vU 3><o*eitlfcl) 1 c c/ (m 
i n • g) J-J.X2 5cc/(min-g) WTT-iij&ii 

*:rll, 2XI4 3t-IB®0->'; n >*>tt«*ft 0 

[si*Ji8] i»ettfl*te:«r*u\ &s*t, *.m%, £fc 

X 14 ZL»ffc|fc* 1 ttX(4 2 ttW.±0**7>T**-&ffi 
fill, 2 X*4 3 tCfSlfeO v ') 3 >- OffiSSWfto 

[0 0 0 1 J 

[%^0^1-^^53-if] *|&9J<4, ->';3>Ott«* 
ttCML, $"b(Ci¥L<(4, #^v>; 3>tc#Jtt^,* 

[0 0 0 21 

[ii£3&Oi$fif] iSv'Jny (Metallurgical Grade Si 
licon 0 WT, i*l£ fMG-S ij tv>% ) Ji, it 
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Bfcwseisojas^&s (S i O2 : 9 9. 5%y.±) Zik 

zstm-T-npr-mmL. s i 02£Stc it 

tcioTStji^nTv^o MG-S i <oasi±, sur, 

9 8%SK?*D» ^fct^t LT, F e, C a, A 1 , 
C, Mn, T i , O, P, B^tf^ZftZo 

[0003] ioMG-s i ^iixhyfWfoZW^-f 

itimUmt LTI4, Ji£?g8¥ft, -*l6JiSIHft, «» 
fSffi^ft, ISWSlf.tlTV>5„ *£&S?ft(4, M 
G-S i *«ETT««$*4 i 1 1: J: or>F*|ftSr« 
JO HS-t2r*fltSWft-e;fc*o *-£i§ft¥ftl4, f^JE 
0*v»**MWE* («ilf, Ca, P*) 0|&ft;Sftt 

[0 0 0 4] -^Tiaj*Blft»OTIfiSilM**ftli, 
#f#&k ( = @*lt>07F^Oi§»S (Cs) 

otf^o^jss (d) ) ijqiOfK'j^^s 

115763? (09x14*, Ca, Al, Fe, Tif) OGftftTJ 
20 ftt LTflJJfJ^tlT 

[0 0 0 5] f;Sft(4, MG-Si^HCli 

m^-cmcmt u fcosuKSi-ait'cj-o-c**! 

*»*«HWrft-C*4o f-Sft(4, 3^h^jS< % tcS 
±j6l-(4fa^&^tV^:7C*t4&;z>^, 1 1 NSUKOiS 

3>*t#c,*L4o-c, f^7sifct)» 
[0006] ti^r% jzisimm-m^btiZ's 1 ) 3 

50 >, i"^t)*>, »SMy'Jn> (Solar Grade Si I i 

con 0 jar, iti£ tsog-s ij tv^ c ) t-g^ 

$n^»^JSl4, #-^fflv"j3>J:t)fi^6-7N8JS 
T-+«-t S*trv»4„ 7^*0#^ 
#W§WO-C. SOG-S i KI4, ^fffiT**>^i 
t^*i<)<b*t-C^-S.o 

[0 0 0 7] LfrLte&h, MG-S i l,Z<£itl2>^$t 
%>0*T*6, IfU, <l*f^®:k7!» s l izi5< , 

a&iaEfcfcvvo-e, -*rfi)«@ft, ^Mfflssft**^ 

liaS»i:^T, lmassppmttTCi*t 
40 ^)O7j^«!)TBflT-S)S 0 -€-Ofc*, SOG-S itL 
T, fieft^fflv>r»e>H^J§ifii^*^ffl-> , J3>^ 
«fflLTv>^>o^l7<T-*t), SOG-S i Sr^ffil-fi 

[0 0 0 8] f;t% COIHM fcJOU, fS6* 
^<btt^077ft7i f «^$n-C«/^ 0 0Sxl4*, 
H2f-4kJR^#e., ®54f, »2-?- (1990) , pi 
6 8- 1 7 2 J tCI4, iSi*ti'tlli&^y**tC^3 0-10 
Oma s s p praWB^ttt^MG-S i , Rl>\ W. 

50 14*, C a O- S i O2 177 v ? X. CaO-CaFz 
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-S i 0 2*77';?^) £2tAU Ar^StM 
v-T 1 4 5 0"C- 1 5 5 CCT-iOlftl-^Ct tciof, 
MG-S i *<7)B£fl^147 9 y 7*^i&fK£-ti:&79 
•y * ^aaffijJtH^ S ftT v» 4 o 
[0 0 0 9) tfc, #gg¥8 - 7 3 2 0 9 -^£-38 1- (4, 
r-^Jptfj-C4 0 p pmwOB£-£-*1-.5> 
£-t*\ iOt-ffCWLT6 0ff%CaO-4 0Il 

%s i 0 2fc**#i-*7?-y***«ttWuinx*.r 

[0 0 10] r»*flt, B**JR*#K, »54 

»2f (1 9 9 0) , p 1 6 1 - 1 6 7 J (C(±, 2 
8. 3ma s s p pm^BS:##tl.MG- S i £t)c<% 
SB;u<7**(:AtU A r i:M^0 2lliC0 2 SrifetiDL 

G-S i 4>OB*»ffc»OJfc-ett!&K**3*<&-/5Xv 
$ it x i> > * o 

[0 0 11] $<biC, #H^p4 -2 2 8 4 1 4-§-2r*iC 

mm 4 ifORffctt * £ v >li -> ') i] (DffiM * ^-tr f 9 
X7 7>*X v i^FSi PRM § -£ £ v 'J 3 > ffiJSyj 

[0 0 12] 

^gLSftftt, BO^WfrffiitLB (=757W"t> 
<7>^ifB«S (mas s%) /y'J 3>W¥f BftS 
(ma s s%) ) J^fcfWK/hS^fcAl::, PJifpT^^ 
BiftJKHl±K#^**o £*Ui, tlToafetci^o B 
»*KlS*»*»KiWfS*4fci&Uli, 7 9-y**/ 
v U ^ t757?^ OjtggJ8 Sr f # £ 

PI ») »v»«»u«odZ.SA»* 4*t, #JR-r»5(W}-EE 

y 7 > ? ^^mfemmx*) 

2>S i 02-effiQZ-£%lttUf%:b-r. C C0*§-£"tCf4, 
777^^ffli^«ftTLTLI% ftoT, 79 -y 

[ooi3] — ar, -/^XTjssiajcjittjf, ->U3> 

+<7>Bift££ 1 ma s s p p mgjg l^ffiM^" -5> - t tfX* 

L*L&#f*« x^xv^isffiii, m<ommnm 
BU&wtummskA u r je s *t * fc a k , ten 

S«U^^iT-B?rfi:«i-£{Cii, S^FfflW 
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[0014] ^9mm t m»Li 3 i t-rzmn. mg- 

5 i it* BtSftspi wt*«-C*, L** 

<>, sog-s i **fiBK«is-r*cfca**nie&->ij 3 

[0 0 1 5] 

OOmasspp m£lTT*4y U 3 > KJH2£1£j£;5}-£ 
/0 £-tr7 9 y **£»£t)PU -ft*. £»§jil!$-£4 7 9 y * 
*?fe&PX*ii, l»IE-> , J3>«ftcyX;i/S:«j»U Wiit 

77^ *mi:-ti>7 yyf ^i*Igt Jrfitv^ 

[0 0 16] *|§^<75 2*B(±, v';3>icig^ 

ttJ&55-£-£-tr7 9 -y ***?&&PU Ctl<b 
7 9 y ? * i^iJDXS <!: , ffilfi -> 'J 3 >• 4* ic y X ;u £ ft jf 

u Btfktt^t?Jc§atrEi&xefc, Hfrfe->'J3>^ 

6 DIME 7 9 y * X * 757 * *Bfc*xet £ffi 

20 *rsE7 9 * ?*»fe&px«, ^riesttxes.WfB7 

5 y 9 x|5fe*xe*«»B#l •) ill"- t t i"* f> 

[ 0 0 1 7 ] }#St-> 'J 3 > tCtS^lifig^^-g-tf 77 7 7 

iitrt, ->';3>, 7 9 y ^^s.y f ^ft;i4**^55 J *i¥-r 

*.^L^:+7^ : Sr-^tj-Kfb©0 7 7 y yXCil, 
[0 0 18] 

* 0 n i n> *»wo-*ifc«5jB!Bu«4 ->y 3 y<r>m 

40 ffigiyjffili, 7v -j 9 MtMXM.iL, Rjeifit, 7 9 

[0 0 19] tSD*>»C, 77 7?^iJDlgCo^TISii 
i"* 0 7 9 y ^.x^JljpXgJi, y'jny!:7777^* 

Hi (a) H^-r«t-7tc, ;P7jK1 0rti:8ALfc-/'J 

3> l 2 ^itiii^-tt, 7777^114*^^$ 

tt* 7 9 y ^ ^. 1 6 5r^Sl! Uy M 3 > l 2 lC^*Pf tl 

[0 0 2 0] *JIWi;6v>T, m&WMt LTlv»4 v 
50 M 3> l 24'<7)Bft)Sli, #t-IS5E?tt* ttOT-li^ 
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5 

v^o -t&£>*>> tSm a s s p p mg«Ogi 

ep#m-e b * **ti^ 4 o m%wfi. fc 

Itfflv^yU =?> i 2 4 > OB«J£ti\ ^ftW^ti, 1 
OOraassppmJITWU, S<btC»iL<(4 
3 0 m a s s p p mJ^lT"T:*4o 
[0 0 2 1 ] i 7tr. —feU, y'J3>12 OiSlRifiJftri* 
»<&4t5t\ 777^^16/y , j3>l2MOB<7) 
¥Wi3«JtLBrt**:# < &4*f[oi^*4 0 egoT. v'J 
n> l 2 4>OBO^*4:S&*J: <fi : ^^*!)tc(i, j^fikS. 
*«*v^3W9F* Lv> 0 {It, ^ 4 fc, 

2 0j§»iBK(i, *fttti:i±, 1 4 5 OlCWJtl 8 0 0 
rar«il<, S?>J:fftL<B, 1 5 0 0ttt± 

1 6 o oram^o 

[0022] v U n V 1 2 UifebO $ *i4 7 ^ y ^ * 1 6 

777^1 6 *UU»t4 0 2 ->f*>OjSiOTSv^ 

[0 0 2 3] *UHt«5J*i: LTii, AttttUtt. C a 
O, CaCOs, Na2 0WSi:-?!li:LtW^ 
*L4o Ctt^co^Ti, CaOfi. ®flfite-e*»K ^ 

JRatSfttab-SOt, 77 y 1 6 tc#itt4 
aa«t«*t Lt«Fi:»®t*)4o 777^1 

[0 0 2 4] 4 fc, 7 7 y * X 1 6 fi. 

C a 0O«|*li2 5 7 2 ICC* > y')3>120 

Ikjft i 4 i 4X:x *)«v\> •? c a o 

CiDxt, CaOOiH.**iB:T**4fc»OKS2*»* 
*tr777^^ 1 6 «rfflv>4 0**ifFi Lv> 0 »2/&^4: 
LTIi, C a F 2 rfftMK-mt Ltflf 

<b*L4 0 

[0 0 2 5] f/c, 777^1 6 t Lt, CaO^C 
aF2^7 7 7^tfflv^»^ ffi^"7 7 y^^ 

*4C£*<S£ L^ 0 
[0 0 2 6] 

[15:1] x(T)±3 Oma s s% 

({It, T**y«;3>l 2W»»iftJK. x(T) (4 

fW. EiteK Zement,827f, (193 
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8) , P469-472J CTiS^ntv^C a F2 
-C a 0*«fflHUi3i,*TiK*aiftS**T t &4B#OC 
a O</0m a s s %) 

[0 0 2 7] j|^777^^*OC a O^ffirt^l O 
*-C*sn4IEHJ:^^5:<444:, ^777^x4^ 

*»¥* f ffiTl-40tW* L<fcv\> -7^ il^777 

ntoc a o#*r»a*&i o*-e^$tL 4 mmzmz. 

10 4 4:. ?I^77 y ^*4*(::@*g4: lt#fit^C a Of 

^t^o-effiKi^o ?s^777^y;ii, m± 

Ott**fc44Ca0ttfPaa:-e*iitfA<. 1^7 7 
y ^^Ut&ft&S^LL. iB*«UC a O^i^itv^ 
feBSfe*<0j»**lS]±$-e:4-iHi-Cg4v» o ?ft 
^77 y ^OiifijOC a OO^ii, g^777n 
Ott££#*:$-£4flKB4:5:4o il^777nCOC 
aO^Sii. S^KflfS L<li, x(T)±15mas 
s %"C*4o 

[0 0 2 8] ot:SAt^77 7^7 1 60S 

20 (4. JliiOy'J 3> 1 2 0BSJR> ifiiftOy'J ^> 

K x JU7^1 0K^A$*t4 >"J 3> 1 2^11 (W 
s i ) CWt^77 7^7; 1 6 011 (Wf lux) o 
it (Wf lux /Ws i > BIT, ItlS: [777^ 

U 3> 1 2WBlKS:i*S*-6ii:W^o 

<Ot\ ffil<^v^ 0 777^^/y'Jn>Jt (w 
30 fiui/Wsi) li, 0. OSJ^-hO. 

8OT!fJU, ?^>tcfiF4L<{4. 0. lJBJUtO. 
4£lT"C*4o 

[0 0 2 9] £Jb\ y'j3>l20*IH:«ffltiM 
#1 0O*t«<±, #KR5fe3ft4*0-C(ifcv>**, 
rt*Sf < . 7>o, 7r;ni 6 4: OKl&tt^fiv^ <Dtf 
#®T**4 0 09xJi\ 777 1 6^£*l4*fi«14 
WCaOt*S»^ ^7^1 0 4: LTIJ. 7^ 

[0030] ifz, 777^xi6ii, HfMttR-c > y 

40 nyi 2t:SiDL, y'Jny 1 2*T^i$^ttI 
<. *4vMi. bbfrCtbmUZ'tttzyyyfAl 6£ 
i§IL/:y'J3>i2i:iaDltt^ 0 $<bK, ;i/7 
#1 OrtCBftOy'Jny 1 2R[Flft0777n 1 
6 y'J^yi2au f 777^xi6?:TO: 

[0 0 3 1 ] KlC&xeuov^-cKM+4o R/kX 

Ki> Hi (b) kzm-ttTK* ittLfc^'J n> 1 2 
ti:^X;H 8*«»U BKfcttar* «r^§jitrXST* 
*4 0 y'J 3> 1 2 tcai^n^yXjl. l 8*^81^ 
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[0032] Kfcxm~t3^xm^<bH2>mmifx t 
afbtt^t-tt, laifc^ofi. laso*-**^ 

iiiX^X , **v»<4, 2||J.:JLt«Oj!f7£&<&<& 

[0 0 3 3] >'J 3> 1 2 4>(=KS&trlMI:1£*rX4>it /O 

A'-y.-Ki oujfA-f 3> l 2<ofifi, ->y 
3> i 2<75?§itiae, «ffl-r*»fbtt^o««, 75 

Btf bte #7 <O^S**ffl*tfi«j iat, -> y 3 > 1 

2 ©HMbn***i#*-*-.&OT»* L < ftv>„ 
[0034] MZ.tf. 777^X16tLTCaO-C 

fflv»4»-&, v 'J n > 1 2 OJHttMSfc 0 fficfb14#*7 20 
OSiESli, AteWl-14, 1 c c/ (m i n • g) J2LL2 
5cc/ (mi n • g) JBITjW* L < , $f»U»*L 
< (4 , 5 c c / ( m i n • g ) Jil± 1 5cc/ ( m i n 

• g) jgLT-r*« a 

[0 0 3 5] »fbtt«"^t?fc*iitrw tCioty'J 3 
V 1 2 1*1 KjKfc 2 0£fl£ i, ->'J3>12, 7 

7 7 771 65t>M2 0^#+4Rl£.#iHKfcv» 

■c, ->y 3> 1 2 +n**fL*B**aftM»fb**L, 77 
■j tT. 1 6tc^iix$tT.4RiL- -tore.* rua* 
7*Rfcj ) j>*«fT-r4o «t* 50 

J&Sltfrf 4K#v\ 777^16 fciRlDZ$itfcB:&*, 
'✓'J3>1 2«ft=SjS»-r*KJt& (BIT, iORJSt 

ra^staej tv>% ) <>is]«*»=iifr-*-.s. 

[0 0 3 6] Rfctt2r*0?fc*&**ni*&l,fc 
2 4 J OBiftJS(i«^i-^o Btfb1±:<f7 
«*<4, ®/J\£i£«-C-<4, K*->*EJ6fc 

UfeCU'/'Ja^l 2+OBi*«l4, i£tcitSQ-r4f£ 
|6]«r^-ro &oT, RlcXgK£tt4®iffct£2f7<7>|}*;# 
&*I4, 3 > i 2 +<OB«&j9*«/J\6ia<5t::iiU 

k* * *R(& t a* 7 * -e, 4 

[0 0 3 7] ttfbit^oiiJcsa^iBBttLr*'?), m. 

* ■> k « * ^ XKj&pftfr-r 4 i T- 4 n# Rfl 

(4, y'J 3V 1 2 K-£**l*B«>aj»!iiJ£, ^7*10 
F*JU«Ai"4 > U 3 > l 2 Oftfi, 77"^7>1 6 Wft 



2003-12317 

8 

4 e lot, ffiibtt**^.<oq>;#ji^B#raj4, 
[0 0 3 8] »fbtt^o?fc#i2,*tc«ffl-i-*yx^i 

8(4, ttiffl&$ltt2 O^^pT^^^O^ffi Lv», -e- 
Ofctf>l-(4, /X;H 8Oi*m?L<0Pg(4, 6mmJ£TF 
WiL(, $t>U$fi L<<4, 1. 5mmJi).TT-^ 
4„ /X;n 8I±. l«tf>na?L**;Lfc*?L>' 

[0039] -7=7 y 9 xnfc*igKonTt&9!-f 

4„ 777 7 7|&3:X«<4, v y 3 v 1 2 ^oa-fbli 
#7Wqfc#&<k£f?ib£-££f£, v y 3 > l 2^f>7 7 
7 77 1 6 *lt*t-i>IlT-*S, 
[0040] 7777^1 6<DBk*;^£(i, 

*t4fco-ei4fc<, 75 7 ^^«o14^ici&i:t, 

^SrSiRT^I4*Av> 0 ^Jx«4*, 7777X16H 
T, CaO-CaF2a^777^^iffl^:M, S 
ItlgWL^ jft-Ctt, HI (c) (C7jrt4oH, 

77777, i 6 <o— a$a*Rise 2 2 fcfco-oi^.-Ki 0 

Ig|?-Tmn, v U 3 > l 2 £8B M7777 
7, 1 6 RWRJ&W 2 2 £H*l)|5k<<7> Lv^ 0 
[0 0 4 1 ] i^c, 011x14, ^7**1 OOrtS^RlC® 
2 2 Ti^ffi-tir-r, L^t, > ') 3 > l 2 Rt>'V y y 7 7. 
1 6 «7>raHJtfiM^4«^-lCI4, v 'J 3 > 1 2 a^7 

777X16 i s , •> y 3 > 1 2 a 

77 7 77 1 6i»lLttAv>„ 
[0 0 4 2] ^45, ±jEL7t77 7 7^^jPX€, Rfc 
ieS0 f 77 7 77.|Sfe*xe{4, 4HBfoff9TtA 

<, *4v»i4, cnif>fl9iss:i*»ia»»)iiUffor<) 

^rftKJtLT, SB#Pfl, ^o, ®37.hT-, ->y3>i 

[0043] ^u, *mm<7)Bmz&z, -> y 3 ><7)ifssg 

7 7. 1 6* f *ffi--i>*ft : Tt-i3lt4 ->y 1 2tf<7)B 
<7>^fbS:iu-(4, ^O-fb 1 O^co 4 o trt*-C-£ 
4o fbl O^ibW^MJ: -9 ->y 3 > l 2 >f<7>* 
^^tStlb?-*, 777 77 l 6 K: 

(4, ©77 7 77 1 6 4 3 OgE^-1'*>'WfSS, 1"^t> 
*>, 77 7 77 1 6 0il^S^iS<-t4C t, RU\ © 

[0 0 4 4] 
[ftl] 
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(6) 



B(in Si) +^-2-0 2 "(in flux) + 



[0 0 4 5] •> 'J 3 > 1 2 «OgHt5fc<±. ^<0jt 

2<05£O«fc o US?-fC it2<Dj*:frbWbfr 

77^16 tttttBHfcWT* « S i 0 2 

[0 0 4 6] 
lit 2] 

S i +02(g) = S i 02 (in f lux) 10 

[0 0 4 7] LfrLbtfh, -/'J^yntCti^ 
B i 7 7 v 7 ^MOACJ: o TK?*-f fcv> 

6 £: S i 0 2 Ofgfffl rasi02(in f l ui) J 

rt*ii:fc&s i 02 tm&fct-t* &Wtf$> Zo ze>® 

^ s i oztfmmmm-e&ktzMz^ itin^z 

£v>T, 77 7 7*1 6 4><oKf * >OiSi fao 
2 "( i » t i u x)J **«L<fiT-r*o 
[0 0 4 8] — *, RfoJhnm.mJ *>OffigSrS*S 
fc*CS i 0 2#;frjl:<0^&v>7 7 7 7* 1 6 £f£ffl-t 20 
& > 7777X16 *<7> S i O 2 CDfisttf'bZ < & 
0, -ft2 0^«b^t>75^ J; i 7777X1 6 i: -> 

[0 0 4 9] CtU-itU SFikUfey'J ^ > 1 2 tw*tL 
trk, *»o, *»*fl-ffiottJR*»BfW • « -JO 

[0 0 5 0] 77 7?^MlCJ:t), y^^^Ctl 
tt^> B 4- SFf|»EJt LBT-ifceSti&ffii Tlifc*-*- 4 

— 77777>16/y | j3>12HflBfl : F»&E 
JtL B tt, ffl*tWt-/J>SV><Of, 7777XMI111 

£^opJjiB«*K(iK#rt ? *&o *<r>tz*>. 757? 
XMi:ioT-/'^>12tOBISi:lmassp 40 

[0051] ztuzttt. ^wizftzmmumi. n 

il iitr C t IZ X o T JlsaSSfl-BE***!* S *t 
*«r>-c\ •>>; n> 1 2+<DB(i, ^HJ^lC^fc^H, 7 
777*. l 6Hi&iR£*t.& 0 *<r>tz)b^ ft 1 OsST-^S 

mmzuzztizx »K J&l«|i|:4f4yy 50 



2003-12317 
70 

|o 2 (g) = Bo2" 4l (in flux) 
[0 0 5 2] 

(*»0!i) mt&ifxizxzK&mts\t. 

->>; n>«t»oB»ftau f Ca««Jfeo f t;s 
SrSH-^fco T;U5^-;U7^H, 14masspp 

m<7)B£"£trMG-S i (4 0 g) $r^AU 15 0 0 
•CCSD^L^o MG-S i a^^UflSHKLfclfe, 4 2m 
ass %C aO-58mas s%Ca F 2 & 

75777 (8g) &->■; =i> fpizmtu Ltz a 

[0 0 5 3] }§»->') 3>rttC, P<14 ramffl/ 

& B£^#* XiiiEfiti, 3 5 0 c c /m i ntL, RJc> 
ISIBJli, 1 - 4 m i n t Ltz„ KtD&7?&, «■*"> 'J =» 

>*»hs*, it^frmizx*)^ ■>«; a>4><oBiftas. 
<b. s i«***tuLfc. i2c, -toe***-*-. 

[0 0 5 4] ->'J3>«*><DB«JKI±, RtL-B#W2»-tT- 

immoi&mtynzi&TL, *<r>m±. mzmmvtz* 

*t;*^-r*<oii, 77 7 7Xi£*DtBt3£2fxoi>fc#i& 

[0 0 5 5] -2k K^9»KI&«4tfr-r«i=ffv^ m 
mZfttzC a 0-C a F 2 75 7 7X<7)— g|5l±, iSM 
Offiv^C aO-Si02-Ca F 2 ^ 7 5 7 7 X (I^-ft 
U 11 (c) H7pfJ:-7t-, ;U7**1 OOrt^tlRJE-. 
12 2 ifcoTf*j&1-.&i#i.<b*l&o -ORJl- 
i22ty'Jnyl2 <7)#MT'fi, ^.rS 2 0 

[0 0 5 6] RJt-WflB**»2*«ri8x.-5t, -I«*L 

fcy'j 3 ><p<nBmm#mzmtairz>ff>ii, Ric-S2 2 

Ottffi t 4 i) , 7 SSElfca^EW 
[0 0 5 7] fTj, '✓'Ja^tOCaiBEIi, Rl&B#ra 

2 75-r-ffi*t4i9, -e-*t£ii»i±, finft, K&mmiz 

J3tt^)C aiftJS<7)ig*D(i. ^*Dt7c75 7 ntOC a 
'J a > + fc»*Lfcfctf>fc%;l *>*.«&<, fi^ 
H^lCiotC ai»JS* ? M^-r^<7)<i, y')3>i§ 

JS, Ca0t49t79??^i:«RSftfcfc*i:#x. 

[0 0 5 8] $e>t-, S i«7cl±, (5(fRfc-^Ht-it0iJ 

X )V y .-Krt <T> y'jny t $ it, 77777, \z CRJR $ 

[0 0 5 9] (HlifcP!l2) 77 7?X^iD/K«7>*Xq>: 
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11 

il^iilSffot,, *v»T, 1 IslI^tea^TL^ 
-> U ^ > S-e, 5S97? » * ^RtfElEW tlfe* 

0co®S$rffo/j o 113 tc, IftiJigLScfc, y'Ja^t 

[0 0 6 0] 3^t<7)BiSli> lfc«9iIL&7>*#< 

(±, B jftKli, 7. 6masspp mX$>-otc 0 — yj\ 
y | j3>^CaI)t5D ! Sia*li < wftifc, SfcQ 

[0 0 6 1 ] 0!lx.ti\ 54ma s s%CaO-3 Oma 
ss%CaF2-16mass%Si 02|lt5:tt^ 

777nw«^ B<o¥'#53-ge#&LB i. 4t 

£ 2 (1990) , pl68-172 #B8) „ g£o 
T, i<077 7^^ifflv»T, 75 -y ^^SfStl J: 
1 4 ma s s p pttiOB^^ffli 4 0 gOMG- S i 
tfH-t, 2 4g0777?7>^ffifflf 
*U£, v U =i >4 5 <7)BiftS$: 7 . 6massppmiT- 

[0 0 6 2] Cftt-ttU *»Wt=«**«*ttUJ:fL 
If, ^*<0777^XJHIfei:BtW757^^ (8g 
/lBX3E=24g) £fflv>T, W2W©77 
y * ^TJD/^fclfc^&^MSSr 3 ®8l <0 ig-ttzlfX\ 

[0 0 6 3] «Lt, *|&(HO*lftO»3S8Uov»-c#iMU 

[0 0 6 4] 

'J 3>U-S-4*t4B*l!fe*-r4fcJe>«>|ft**ife4: Ltf. 



(7) 2003-12317 
[0 0 6 5] 

[0 0 6 6] ifc, y'J3yti;igl)0t4777^Xt 
LT, CaO, CaC03XliNa20S:#tfSitt7 
4fC ^7Etf>&)&£#-t&C a 0-C a F2 

o 

[0 0 6 7] ffc, y'J n^Klfcgi&trBtfttt*"*?) 
[HIM<7)fB!#^^] 

[HI] 'J a >0»fi*ft«)-«tf 

[m3] 7 5-/*^asjn/*fktt*rxft*a*iBao 

itt*OBM&4r5rrE|-e*4o 
I^oiJiW] 
12 v >; n > 

16 7777X 

1 8 /X* 
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(8) 



ftffl2 0 0 3-12317 



[1211] 



[H2] 




[113] 

Flux off /on 

: l ux^o ff/on 




100 200 



(72) £EB *g® 

W£SB flf *E*:ia| HT— T i 30#flj 

(72)i&^^ mm m$. 

g*o»£*s ^mE.±w\m—T 1 3o#% 



(72)^?g# uji*i 
(72)i&?g# wis j» 

F^-A(##) 4G072 AA01 GG01 GG03 HH01 MM08 
RR03 UU02 
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